ABSTRACT: The total number of molds in cakes ranged up to 9.0 ´ 10 2 CFU/g. The highest number of molds was isolated on Dichloran 18% Glycerol Agar (DG18), and the lowest on Malt Yeast Extract 50% Glucose Agar (MY50G). Mycopopulation of cakes composed of species of genera Acremonium, Alternaria, Aspergillus, Cladosporium, Eurotium, Mucor, Phialophora, Penicillium, Fusarium and Ulocladium. Dominant species were A. niger, P. aurantiogriseum, P. brevicompactum, P. hirsutum, F. proliferatum and A. alternata. The most common potential producers were those of ochratoxin A (50.50%). The potential producers of fumonisins were present with 7.75%, moniliformin with 6.5% and sterigmatocystin with 0.75%. Potential producers of Alternaria toxins amounted to 4.5%. Aflatoxigenic molds were not isolated from the tested samples. Mycotoxicological analysis of the cakes did not determine the presence of aflatoxin, sterigmatocystin, ochratoxin A and zearalenone.
INTRODUCTION
Mold contamination of cakes and the possibility of mold growth can pose a serious health problem when there are species which have the ability to synthesize and actively secrete toxic metabolites. It is known that aflatoxins produced by Aspergillus flavus and A. parasiticus, ochratoxin A produced by Aspergillus ochraceus and some Penicillium spp., and some fusariotoxins produced by Fusarium spp., are strong cytotoxic and carcinogenic agents (D i a z, 2005; S i n o v e c et al., 2006; K o c i ć-T a n a c k o v and D i m i ć, 2012). Human population exposure to chronic mycotoxicosis is considered to be much more common than assumed. The fact that molds produce a large amount of spores that are easily disseminated provides explanation of the wide distribution in nature and herbal products. Cake-making includes various ingredients such as cereal flour, cereals, cocoa, nuts, dried fruit, spices which regularly contain molds (L e v i ć et al., 2004 ; S a m s o n et al., 2004; P i t t and H o c k i n g, Зборник Матице српске за природне науке / Jour. Nat. Sci, Matica Srpska Novi Sad, № 124, 213-226, 2013 2009; K o c i ć-T a n a c k o v and D i m i ć, 2012). These microorganisms on cakes can come from the air, contaminated packaging materials and other sources. When water activity is below 0.90 a w, mold appearance is a common type of microbial spoilage. Most molds are more resistant to drying, pH and osmotic pressure than bacteria and their presence always represents a potential risk of spoilage or diseases transmitted by food.
According to the available literature, there are very few data on mold and mycotoxin contamination of cakes. Given the importance of molds and their toxic metabolites in food products, the aim of this paper was to determine the presence of potentially toxigenic species in different types of cakes.
MATERIALS AND METHODS

Samples of cakes
Mycological and mycotoxic tests were carried out on samples of different types of cakes: petit fours (2 samples), petit fours from the market (4 samples), homemade petit fours (1 sample), magic cookies (1 sample), magic lean cookies (2 samples), wholemeal cookies (3 samples), various cakes (1 sample), various petit fours (1 sample), mix cap (1 sample) and vanilla-raspberry desert cups (1 sample). Samples were taken randomly in food stores and markets in the area of Novi Sad (Vojvodina, Serbia ). The analysis included 17 samples.
Isolation and determination of the total number of molds
Isolation and determination of the total number of molds were performed on three different mycological media: Rose Bengal Chloramphenicol Dichloran Agar, DRBC (Merck, Darmstadr), Dichloran Rose Bengal Chloramphenicol Agar, DRBC (Merck, Darmstadr), Dichloran Glycerol Agar, DG18 (Merck, Darmstadr), and Malt Yeast Extract 50% Glucose Agar, MY50G. DRBC medium was used for the isolation and enumeration of molds that grow at a w > 0.95, DG18 for the isolation of xerotolerant and xerophilic molds that grow at a w £ 0.95, while MY50G was used for the isolation of highly xerophilic species that grow at a w £ 0.89 (S a m s o n et al., 2004, P i t t and H o c k i n g, 2009). Addition of dichlorine in DRBC and DG18 media limits the mycelial growth of certain molds, such as Mucor spp. and Rhizopus spp., and the addition of chloramphenicol inhibits the growth of bacteria. Addition of glycerol (18%) in DG18 medium reduces water activity.
Under aseptic conditions, 20 g of cakes was homogenized in 180 mL of 0.1% sterile peptone water (0.1 g of peptone/100 mL of distilled water). After this, samples were shaken for 10 minutes at 200 rpm (Unimax 1010, Heidolph, Germany). Total number of molds was determined by the dilution method according to K o c h. For the preparation of dilution, a 0.1% sterile solution of peptone water was used. One milliliter of the prepared dilution (10 -1 , 10 -2 , and 10 -3 ) was transferred into Petri dishes (q 9cm), into which mediums were poured. The seeded mediums were incubated for 5-7 days at 25°C; the colonies were counted and expressed as CFU/g. Tests were conducted in triplicate.
Mold identification
After determining the total number, conidia and hyphal fragments of the mold colonies were transmitted onto the Malt Extract Agar (MEA) (Merck, Darmstadr), Czapek Yeast Extract Agar (CYA), or the Potato Dextrose Agar (PDA) (Merck, Darmstadr). Based on macromorphological properties, these colonies were assumed to belong to genera Penicillium, Aspergillus, Eurotium and Emericella, and they were subcultured onto the CYA. Seeded mediums were incubated for 7 days at 25°C. Isolates which were presumed to belong to the genus Fusarium were grown on PDA, and than subcultured on Carnation Leaf Agar (CLA), in order to obtain monosporic culture (N e l s o n et al., 1983; L e v i ć, 2008) . Monosporic cultures were incubated for 10-14 days in cyclic mode of 12 h combined light (fluorescent light and NUV -near ultraviolet light) and 12 h darkness at 25°C for the purpose of stimulating the formation of conidiogenous structures. Other isolates which were assumed to belong to genera Acremonium, Alternaria, Cladosporium, Mucor, Philaphora and Ulocladium were subcultured on MEA and incubated for 7 days at 25°C.
Criteria Frequency and share of certain genera or species of molds in food samples were calculated according to the following equations:
number of samples where the genus were identified Frequency (%) = ------------------------total number of samples x 100 number of isolates of a genus or species Share (%) = -------------------------total number of isolates of all genera or species x 100
Determination of aflatoxins, ochratoxin A and zearalenone
Determination of aflatoxins (AB 1, AG 1, AB 2, AG 2 ), ochratoxin A (OTA) and zearalenone (ZEA) was performed using the multi-mycotoxin method by B a l z e r et al. (1978) . Extraction of mycotoxins from cake samples (25 g) was performed using a mixture of acetonitrile and water in a ratio of 90:10, by shaking on the shaker for 1 h. After filtration, 50 mL of the filtrate was purified and defatted with 2 x 25 mL of n-hexane. Ochratoxin fraction as acidic was extracted with a saturated solution of NaHCO 3 (8 mL). After the separation of OTA, low-acid F-2 toxin fraction was extracted with 1 M NaOH (2 x 10 mL). A relatively neutral aflatoxin fraction remained in the solution. Each toxin fraction was filtered through anhydrous NaSO 4 and evaporated on the rotary vacuum evaporator at 60 °C. Evaporated toxin extracts were diluted in 1 mL of chloroform and along with the standards AB 1, AG 1, AB 2, AG 2 , OTA, ZEA (Sigma Aldrich, Steinheim, Germany) were layered onto plates with type H silica gel. Chromatograms were developed in the system toluene:ethylacetate:formic acid (50:40:10 v/v/v) at room temperature until the solvent front height was 14 cm and after drying they were observed under a long-wave (365 nm) UV light (UV cabinet, Camag). Determination of mycotoxins was performed by comparing the intensity of fluorescence staining pattern with referent standards of mycotoxins. For the amplification of the fluorescence staining intensity, plates were sprayed with 25% solution of sulfuric acid in methanol (for aflatoxins), alcoholic solution of NaHCO 3 (for OTA) and alcoholic solution of Al 2 O 3 (for ZEA). After spraying, plates were dried for 10 min at 130 °C (for aflatoxins and OTA) and 5 min at 130 °C (for ZEA).
The quantification of the mycotoxins was done by visual comparison of the intensities of both standards and samples. This involved the comparison of the fluorescence intensities of the spots with same retention factor (RF) of the mycotoxins in the samples with those of the corresponding standard and it was determined which of the sample spot matched the standards. The corresponding aliquot volumes were then recorded and the concentrations of the mycotoxins in the samples in μg/kg were then calculated as follows:
Mycotoxin content (μg/kg) = SxYxV/WxZ Where: S -volume of standard with same color intensity as sample (μL), Y -concentration of mycotoxin standard (μg/mL), V -volume of solvent required for the dilution of the sample contained in final extract (μL), W -effective weight (g) of original sample contained in final extract, Z -volume of spotted sample equivalent to standard (μL).
Determination of sterigmatocystin
The method according to v a n E g m o n d et al. (1982) was used for qualitative determination of sterigmatocystin (STC). STC extraction from cake samples (50 g) was performed with a mixture of solution of acetonitrile (180 mL) and 4% KCl (20 mL), by shaking on the shaker for 1 h. After the extraction, the content was filtered and the acetonitrile portion (100 mL) was defatted and purified with n-hexane (2 x 50 mL). After that, the STC extraction was performed with chloroform (1 x 50 mL and 1 x 25 mL). The chloroform fraction was added with 5 g of anhydrous NaSO 4 and left still for 30 min. This fraction was then filtered through the filter paper (W h a t m a n No. 1) and evaporated to dryness in a vacuum rotary evaporator at 35 °C. Dry residue was dissolved in 1 mL of chloroform, and along with the standard STC (Sigma Aldrich, Steinheim, Germany) was layered onto plates of silica gel type H. The mixture of toluene:glacial acetic acid (9:1 v/v) was used to develop the chromatograms. Chromatograms were developed until the solvent front reached the height of about 16 cm, and then dried for 15 min at room temperature. Visibility of STC was enhanced by spraying the plates with AlCl 3 solution (3 g AlCl 3 x 6H 2 O was dissolved in 8 mL of H 2 O and 2 mL of glacial acetic acid was added). After spraying, plates were dried for 30 minutes at 70°C.
The 
Statistical analysis
The relationship between the total numbers of molds on DG18, MY50G, and DRBC medium was tested by regression analysis.
RESULTS AND DISSCUSION
Based on the results obtained from three different media, a significant difference was found in the total number of molds in samples of cakes, from their absence up to 9 x 10 2 CFU/g (Figure 1 ). Molds did not develop in the samples of vanilla-raspberry dessert cups (sample no. 5) and wholemeal cookies (samples no. 10 and 11). Light mold contamination was found in the samples of wholemeal cookies (sample 12) and homemade petit fours (sample 13) on MY50G and DRBC and in the samples of petit fours from the market 4 (sample 9) on MY50G.
A serious mold contamination was recorded in eight cake samples (1, 2, 6, 7, 8, 14, 15 and 16) on all three media, in a sample of lean magic cookies (4) and petit fours from the market 4 (9) on DG18 and DRBC and in the sample of various petit four (17) on DG18. Fig. 1 . -The total number of molds (CFU/g) in samples of cakes on DG18 Agar (a), MY50G Agar (b) and DRBC Agar (c) [1 -petit fours 1, 2 -magic cookies; 3 -magic lean cookies 1, 4 -magic lean cookies 2, 5 -vanilla-raspberry dessert cups, 6 -petit fours from the market 1, 7 -petit fours from the market 2 , 8 -petit fours from the market 3, 9 -petit fours from the market 4, 10 -wholemeal cookies 1; 11 -wholemeal cookies 2, 12 -wholemeal cookies 3; 13 -homemade petit fours; 14 -mix cap; 15 -petit fours 2,
-various cakes, 17 -various petit fours]
By comparing the data obtained for the number of molds on certain media, it can be concluded that the overall number was dependent on the type of the medium used for their isolation, and the presence of fungal contamination. Given that the most frequent species were from the groups of moderately xerotolerant molds (Penicillium, Aspergillus), the maximum number of colonies was noted on the DG18 medium, and the lowest on the MY50G (Figure 2 ).
There is a linear dependence with high values of correlation coefficients between the total number of molds on DG18, DRBC and MY50G medium (0.9307, 0.9004 and 0.9290) (Figure 3 ). This indicates that the determination of the total number of molds on one medium can with great reliability predict the total number of molds on the other two media for the tested samples of cakes. Species of the genus Penicillium, which were the dominant mycopopulation, were most commonly isolated from these products (76.50%) ( Table 1) . Genus Aspergillus was isolated from 9 samples, with frequency of 53.0%. Significant presence of genera Alternaria and Fusarium was detected with frequency of 47.10%. The presence of Cladosporium and Eurotium species was found in 4 (frequency of 23.30%) and Mucor in 3 samples (frequency of 17.60%), while other genera (Acremonium, Phialophora, and Ulocladium) were isolated from one sample each (frequency of 5.90%).
In the mycopopulation of cakes the most numerous species were those of the genus Penicillium (19), which represented 51.25% of all isolates ( Table 2 ).
The dominant genus was also Aspergillus with a share of 29.75% in the total mycopopulation, with 6 isolated species. Genera Fusarium, Alternaria, Cladosporium, and Eurotium accounted for 7.75%, 4.50%, 2.75% and 1.50% of the total mycopopulation of cakes. Other genera (Acremonium, Mucor, Phialophora, and Ulocladium) were represented per one species and accounted to a smaller percentage (2.5%) of the isolated mycopopulation.
A total of 35 mold species were identified. A. niger was the species with the highest share (24.75%), followed by P. aurantiogriseum (16.75%), P. brevicompactum (8.50%), P. hirsutum (6.50%), F. proliferatum (4.75%) and A. alternata (4.50%) with a significant presence in the mycopopulation of these products (Table 2) .
A total of 35 species were identified and 25 were potentially toxigenic (Table 3) , which accounted for 86.61% of the total mycopopulation of cakes. Penicillium species which were isolated in the highest percentage had the largest share (43.11%). Secondary metabolites produced by these molds are of different nature and many of them can be listed as mycotoxins.
The most important mycotoxins are OTA (carcinogenic and nephrotoxic), citrinin (nephrotoxic), xanthomegnin, viomellein and vioxanthin (nephro and hepatoxic), nephrotoxic glycopeptides, verrucosidin (neurotoxin), patulin and penicillic acid (general mycotoxins) and penitrem A (neurotoxin) (S a m s o n et al., 2004). Potentially toxigenic Aspergillus species accounted for 29.75% of the total isolated mycopopulation. Prevailing species in this genera were the producers of OTA (A. alliacus, A. carbonarius, A. niger, A. ochraceus) . A. ochraceus synthesizes ochratoxin A at temperatures of 12 to 37 °C and at 0.80 a w (P i t t and H o c k i n g, 2009), while psychrophile Penicillium spp. (e.g. P. verrucosum) can produce this toxin at temperatures ranging from 4 to 31 °C (S a m s o n et al., 2004). OTA was detected in corn, barley, beans, peanuts, fruits, vegetables, wine and beer (W e i d e n b ö r n e r, 2008). The main route of entry for humans is through contaminated grains, nuts, rice, coffee, wine, beer, olives, but also through meat products (Š k r i n j a r et al. Potentially toxigenic species of the genus Fusarium were presented with 7.75%. The most frequent and most toxic fusariotoxins were from the group of fumonisins, trichothecenes and zearalenone. A. alternata, the only species isolated from Alternaria genus, which relatively frequently occurred in the samples (47.1%), produces several toxins (alternariol, alternariol monomethyilether, tentoxin, tenuazonic acid, alterotoxin, Alternaria alternata f. sp. lycopersici toxins, stemphyltoxin III and altenuene) that adversely affect the organism of people and animals (EFSA 2011). Alternaria alternata toxins (AAT) are highly toxic metabolites of structure similar to that of fumonisins. The presence of A. alternata and its mycotoxins was detected in tomatoes, wheat, barley, corn, Chinese sugar cane, rapeseed, olives, apples, citrus fruits and spices (P i t t and H o c k i n g, 2009; D e s h p a n d e, 2002). Maximum production of alternariol, and its monomethyilether and altenuene by A. alternata was determined at 25 ºC and 0.98 a w (M a g a n et al., 1984), and tenuazonic acid at 0.90 a w and 25 °C (E t c h e v e r r y et al., 1994).
Two isolated species from the Eurotium genus (E. amstelodami and E. herbariorum) are potential producers of echinulin, physcion and sterigmatocystin. Species of this genus are extremely xerophilic molds (minimum a w of 0.70). They were isolated from grains, drupe fruits, dried fruits and vegetables, cheese, dried meat and fish (S a m s o n et al., 2004; P i t t and H o c k i n g, 2009).
Potential producers of OTA were present with the highest percentage (50.5%). Fumonisin producers were present with 7.75%, moniliformin with 6.5%. Potential producers of Alternaria toxins accounted for 4.5%. Aflatoxigenic molds were not isolated from the tested samples.
Regardless of the isolated potentially toxigenic mycopopulation, mycotoxicological analysis of the cake samples did not reveal the presence of AB 1 , AG 1 , AB 2 , AG 2 , OTA, ZEA, and STC.
CONCLUSION
Different types of cakes that are industrial or handmade, available on the market, were contaminated with potentially toxigenic mold species, however, mycotoxins AB 1 , AG 1 , AB 2 , AG 2 , OTA, ZEA and STC were not detected in the samples.
Mycopopulation of cakes primarily depends on the contamination of basic raw materials and additives used in their preparation. If raw materials and additives contain a higher initial number of microorganisms before the heat treatment, the greater is the chance of their survival. Particular problems are products that are not heat-treated. Mycopopulation introduced with raw materials and additives increases during storage and under inadequate conditions. Poor hygiene of workers, equipment and air also contributes to the total number of molds.
Improving the hygiene measures during production, addition of synthetic and natural preservatives, reduction of humidity and temperature during storage, as well as constant supervision can reduce mold growth in raw materials and cakes and the possibility of mycotoxin biosynthesis. су 4,5%. Афлатоксигене плесни нису изоловане из испитиваних узорака. Мико-токсиколошким испитивањима узорака посластичар ских производа није конста-товано присуство афлатоксина, стеригматоцистина, охратоксина А и зеараленона.
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ACKNOWLEDGMENT
The study is part of the investigations realized within the scope of the Project No. TR-31017, financially supported by the Ministry of Education, Science, and Technological Development of the Republic of Serbia.
